The monoculture vegetable production systems practiced by Zimbabwean farmers has resulted in major disease outbreaks, causing major production constraints.
Introduction
Leafy vegetables such as brassicas are an important part of the human diet and are sources of various nutrients such as vitamins A, C, dietary fibre and minerals (16) . These nutrients protect the human body from disease by boosting the immune system. Green leafy vegetables, such as lettuce and spinach, have the capacity to reduce the risk of certain types of cancer due to carotenoid compounds present in them (1, 13, 16) . In addition to this, vegetables act as antioxidants to improve processes such as metabolism through metabolic activation as well as detoxification processes and disposal of possibly carcinogenic compounds (14) . In Zimbabwe, vegetables also play important socio-economic roles of providing a reliable food source as well as generating family income (4, 6) .
Vegetables are defined as the fresh portions of herbaceous plants and are susceptible to fungal, bacterial, viral and physiological diseases (13) . The incidence and severity of these diseases is influenced by biotic or abiotic factors, among which is the phenomenon of climate change which is yet to be understood by the majority of farmers (15) . Climate change and variability has resulted in the creation of new invasion niches for fungi and bacteria in areas where environmental conditions were previously unfavorable for the proliferation of these disease causing micro-organisms (2, 20) . Climate change has also resulted in shifts in host plant-pathogen dynamics, for instance over southern Africa, as prevailing average temperatures increase 2 -4 o C higher than those experienced between 1961 and 1990 with rainfall decreasing in the range of 10 -20 % (15) . Higher temperatures promote proliferation of diseases which favour temperatures higher than the optimum growing temperatures for most crop species (11) . In response to these new disease outbreaks, farmers are resorting to the use of increased synthetic pesticide applications with potential negative impacts on the environment (24) and reduced returns per unit area due to increased production costs (8) . This would lead to high yield losses, both qualitatively and quantitatively, due to increased disease pressure (3) . Diseases, however, vary due to the ambient growing conditions and climate, since the climate influences the type of disease causing microorganisms that exist in a certain area (18) .
Abiotic stresses also predispose plants to diseases by weakening their defenses and influencing the type of organisms which survive in certain types of environments (24) . Knowledge about diseases and the negative environmental effects of chemical use, will influence the choice of control methods, with the overall cost of chemicals limiting many farmers to mechanical, natural and cultural control methods (37) . Reports show a marked increase in the use of pesticides as more natural habitats are converted to agricultural landscapes (24) . This development has disrupted natural ecosystem functionality and introduced imbalances in the pathogenhost dynamics (14) . Disease causing micro-organisms usually have specific conditions that favour their growth, spread and spore formation (2) . For instance, as a direct response to the fluctuating weather and climactic conditions prevailing in Zimbabwe, pests such as the diamond back moth (Plutella xylostella) are becoming a challenge in vegetable production (37) . Thus, alternative climate-smart, environmentally sustainable and resilient crop protection methods have to be identified and implemented in and integrated manner with already existing mainstream disease management strategies. In rural Zimbabwe, vegetable gardens are located in one section of the village usually close to a river or water source and are mainly grown as a food source, with only surplus being sold to neighbours within the community (29, 34) . The greatest challenge to productivity and high yields faced by vegetable farmers is the susceptibility of their crops to fungal and bacterial diseases, which they are not equipped to efficiently manage (27) . Disease management problems are now being compounded by the variable climatic conditions (4). This paper infers vegetable farmers' perceptions on disease incidence and identifies the most common disease control methods implemented by farmers in Domboshava district, Zimbabwe. It also evaluates vegetable farmers' perceptions on the impact of weather variability on disease incidence based on their observations for the past 10 years.
Materials and methods

Description of the study area
The study was conducted in Domboshava District of Harare, Mashonaland East Province, Zimbabwe, which lies between 17° 36' 40" S and 31° 10' 28" E. Domboshava District was chosen since it is a major vegetable growing region near the capital city, Harare. It lies to the northeastern part of Harare. Its climate is characteristic of agro-ecological region IIB which receives good rains averaging between 650-800 mm but is subject to frequent droughts, dry summer spells and short rainy seasons (22) . Temperatures are always quite high in summer (day temperatures often over 39ºC) causing evaporation losses of 10-13 mm/day. The annual mean, maximum and minimum mean monthly temperatures in the district are 24.8°C, 27.4°C (November) and 22.3°C (July), respectively. The soils are sandy loams with a few patches of red clay soils in some places (26).
Data collection and analysis
A questionnaire consisting of semi-structured questions was used to capture farmers' responses. Focus group discussions and key informant interviews were also carried out to triangulate questionnaire responses. The questionnaire was pre-tested by administering it on to a small sample of farmers in a small area before using it in this study. The data collected included demographic matters and general farming systems and practices; pesticides use or non-pesticide practices, disease symptoms observed based on seasonality, and disease control methods and frequency of disease control.
The sample size comprised 250 vegetable farmers. For purposes of this study, the farmers were loosely categorized into:
(i) Market gardeners were those whose production target was to meet immediate market demands and grew vegetables for commercial purposes. Only a very small portion of their produce was consumed by the family.
(ii) Subsistence farmers which described those farmers who grew their produce to meet household consumption and demands. However, these farmers would sell small portions or surplus of their produce to meet social needs.
(iii) Farmers who practiced mechanical farming methods were those who employed and practiced improved farm power processes to carry out their farming activities.
These farming activities included use of appropriate laborsaving machinery such as rotary cultivators, conservation tillage equipment and disc plows. Activities on such farms included construction and adoption of contours, field strips, crop rotations and terrace farming, and lastly;
(iv) Farmers classified as practicing cultural farming practices was compromised of those farmers who were still using labor-intensive methods with the aid of traditional tools (e.g. hand hoes, garden forks, shovels etc.) and used limited draft power. These farmers relied heavily on the mold board plow to till and prepare their lands for cropping.
The quantitative data was analyzed using the Statistical Package for Social Sciences (SPSS) (36).
Results
Farmers demographics and crop preferences
Male vegetable farmers made up 65.4% of the respondents whilst 34.6% were female. The majority of the vegetable farmers in Domboshava practiced small scale commercial farming (53.8%), followed by market gardeners (30.8%) and the lowest percentage was made up of subsistence farmers (15.4%).
The respondents' most commonly grown crop preferences are in the following order: covo, which is a member of the kale family belonging to the Brassica species, tomatoes (Solanum lycopersicum, L.), rape (Brassica napus, L.), mustard greens (Brassica juncea, L.), onion (Allium cepa, L.), pumpkins (Cucurbita maxima, Duchesne.), cabbage (Brassica oleracea, L.), spinach (Spinacia oleracea, L.), common beans (Phaseolus vulgaris, L.) and soft gourd (Cucurbita maxima, Duchesne.) ( Fig 1) .
According to respondents, the most commonly grown crops are rape, covo and mustard greens. The other crop which is grown in significantly high proportions are tomatoes, whilst the lowest preferred crops were common beans and soft gourd (P £ 0.05, Fig 1) .
Frequently observed disease symptoms
The most commonly observed vegetable disease symptoms were plant chlorosis, wilting leaves, powdery patches, root rots, dark spots and yellow halos, yellow V-shaped lesions, drying leaves, whitish blisters, stunting and water-soaked lesions (Fig 2) . The most significant symptoms observed were chlorosis and wilting leaves (P £ 0.05, Fig 2) . 
Farmer perceptions on seasonal disease incidence
The disease incidence and type in relation to seasonality based on farmers' response to observed symptoms are presented in Fig (Fig 3 -Fig 4) .
Rate of disease incidence and crop losses experienced by farmers
The varying percentage losses and disease infection rates respondents are experiencing in their cropping enterprises are shown in Fig 5. Our study revealed that 53.8% of the farmers, which is the largest number of respondents, indicated that they experience extreme to severe disease infection rates. The other 46.2% of the respondents' indicated that the disease infection rates they incur were moderate to mild in nature. The study revealed that 30.8% of the respondents experienced major crop losses due to disease outbreaks ( Fig 5) . Whilst the remaining 34.6% of the respondents' indicated that they incur high to very high losses as a result of disease incidence in their vegetable plots. The largest population of respondents indicated that they experience 'moderate to low', and those experiencing 'high to very high' crop losses due to diseases in the area are not significantly different (P ≥ 0.05, Fig 5) . Figure 6 shows the most commonly adopted disease control methods as practised by the respondents in Domboshava. The results indicated that 96.2% of the respondents' use chemical disease control methods in managing disease outbreaks in their vegetable plots. About 53.8% of the respondents' rely on cultural methods to manage vegetable diseases, whilst 11.5% of the respondents' rely on natural control methods involving living fences and distance between cropping fields. The minority 3.8% of the respondents rely on mechanical control methods. However, none of the respondents relied on biologocal control methods involving botanical formulations or biopesticides. The differences in disease control methods existing among Domboshava farmers were significant (P £ 0.05, Fig 6) . Cultural disease management strategies were also being implemented and these were significantly different from the natural control strategies being used by the farmers (P £ 0.05). The results of this study also indicated that the adoption rate for using mechanical disease control strategies was significantly different from the other strategies (P £ 0.05). However, none of the farmers used biological or bio-pesticide disease control strategies (Fig. 6 ). 
Most common plant disease control methods practised by Domboshava farmers
Farmer perceptions on efficacy of chemical use and application frequency
About 65.4% of the respondents stated there has been an increase in chemical application frequency when managing vegetable diseases, with 34.6% stating there was no change in spraying frequency over the past 10 years (Fig 7) . Furthermore, 76.9% of the respondents' indicate that there is an increase in amount of chemicals being rotated in dealing with vegetable diseases whilst 23.1% indicate that there is no change in the number of chemicals being rotated. About 53.8% of the respondents indicated that chemical disease control methods are effective while the remaining 46.2% of the respondents indicated that chemicals are ineffective in achieving vegetable disease control. About 38.5% of the respondents indicated that they sprayed once/week, while 19.2% they sprayed twice/ week, with the remaining 7.7% carring out disease control methods once/month. However, 34.6% of the respondents were uncertain as to how frequent they carried out disease spraying programs in their vegetable plots (Fig 7) .
Discussion
The survey indicated that disease incidence is on the increase and that this might be due to seasonality and weather variability. Zimbabwe has, over the past 10 years, been experiencing fluctuations in weather conditions, resulting in prolonged alternations between wet and dry spells, and erratic rainfall activity (15) . Prevailing weather variability significantly influences disease development, spread and distribution of most of the prevalent bacterial, fungal and viral crop plant diseases (8) . There has also been increase variability and extreme weather events in southern Africa over the last decade, with these increasing in frequency in the recent past (15) . The observed increase in disease incidence might, therefore, indicate a possible correlation between the prevailing weather conditions and disease incidence within this subhumid area of Zimbabwe. At the same time, variations in weather patterns in these vegetable growing sites maybe creating conducive conditions, in terms of temperature and the moisture, which are ideal for pathogen survival (20) . The variable weather conditions within particular sites play a major role in the migration of insect pests which could be vectors of viral diseases, which also influence the rate of secondary pathogen dispersal (10) . Disease causing micro-organisms have specific conditions that favour their growth, spread and promote spore formation (17, 31) . Climate variability has also resulted in creation of new invasion niches and expansion of the range of disease causing microorganisms (5) . This may result in new disease incursions since conditions that were normally preventing pathogen growth would have changed. Changes in the pattern of disease epidemics is likely to increase the losses that farmers will incur, whilst at the same time complicate disease control methods and strategies. In addition to complicated disease control, climate variability, particularly low rainfall, will result in difficulties in irrigation planning since the replenishment of the underground storage is reduced, resulting in increased costs and possibility of water-deficient crops (8) . This will increase the vulnerability and susceptibility of crop plants to a wide host range of disease causing organisms.
The risk of disease infestation in crop production is a function of the prevailing environmental conditions and local climate (5) . The frequency and intensity of insectpest outbreaks increase under elevated temperature conditions (38) . Outbreak of Papaya mealy bug resulting from elevated temperatures in Indian states (Karnataka and Maharashtra) resulted in significant yield loss to the papaya growers (32) . Indirectly, under high temperature conditions, crops become more susceptible to attack by insect-pests because of weakened plant defense system under climate warming resulting in pest outbreaks and severe crop damages (32) . The relationship between host plant ecology and disease causing pathogens is, therefore, likely to change as weather conditions alternate between extremities (5) . High temperatures, low rainfall and other extreme events have the capacity to alter host plant physiology in ways that alter the way host plants and pathogens relate to each other. (38) states that the variable weather effects have resulted in development of pathogens with short life spans, higher reproduction rates and effective dispersal mechanisms, which makes them more virulent in nature. Such changes can either result in high disease incidence or failure of disease development based on farmers adaptive coping strategies to these pandemics. Management practices also have a bearing in the host-pathogen relationship as the climate is changing, with an increase in atmospheric CO 2 resulting in an increase in plant biomass, thus increasing the infective area for pathogenic attack (10) . During the dry spell periods, when lower rainfall is being received in Zimbabwe (15) , farmers resort to applying supplementary irrigation, this coupled with high temperatures, creates conducive humid and warm environments for certain fungal and bacterial pathogens to proliferate. Disease pathogen development and multiplication is rapid when the climatic conditions are conducive for pathogen growth (10, 33) . The shift in climatic conditions may provide ideal conditions for various diseases to invade certain areas where conditions were previously unfavourable, thus it is assumed that climate change impact will increase incidence and severity of diseases and pests (23) .
Many developing countries, including Zimbabwe, are likely to be affected by variations in weather conditions, increasing their vulnerability to loss of food security through an inability to effectively cope with increased disease and pest pressures. According to (32) , India is vulnerable to climate change impacts, which has brought about increases in crop diseases, insect and pest attacks. Climate change in India has also decreased the land area being utilised for agricultural purposes and declines in soil fertility (8) . These impacts of climate change have consequently resulted in increased production costs for many smallholder farmers resulting in low incomes and deprived livelihoods.
The survey also revealed that frequency of diseases is correlated to the seasonality. This implies that prevailing temperatures and moisture conditions influence crop disease type and progression. Weather variability does therefore, alter the dynamics of disease development and spread in field crops, fruits and vegetables as it influences disease prevalence, incidence and severity (21) . There are a wide range of vegetable fungal and bacterial diseases of importance, such as angular leaf spot in cucurbits, bacterial wilt in cucurbits, black rot in brassicas, bacterial canker in solanaceous crops, bacterial speck in solanaceous crops and bacterial spot (9) . Mildews are the other common diseases which occur in vegetables either as powdery mildew or downy mildew (7) . These diseases result in quality and yield reduction of horticultural produce (16) . Many vegetable producers aim for high yields but presence of diseases results in lower than the expected yields due to inadequate resources to purchase required chemicals (34) and lack of knowledge and skills concerning disease management practices (27) .
Horticultural crops are known to be sensitive to growing conditions; and any changes in climatic attributes such as temperature and rainfall have the capacity to alter the growing patterns. Such changes also affect flowering, time to maturity, crop quality as well as nutritional quality, which consequently influences their susceptibility to diseases (8) . Vegetables exhibit environmental specificity whereby certain environmental and climatic conditions favour optimum growth with some vegetables needing cool weather conditions for example spinach (16) . However, production of cool weather crops is becoming difficult under the current prevailing high temperatures in Zimbabwe. Abiotic stresses such as drought, heat, and moisture can increase a plants susceptibility to disease and produce symptoms such as wilting, leaf burn/ scorching, leaf folding and chlorosis (12) . Therefore, not all the symptoms observed by the respondents were a result of fungal or bacterial diseases. (24) states that more and more farmers have adopted chemical control as the most effective method of dealing with crop diseases as an assurance to enhanced yields. This supports the results of this study which indicated that 96.2% of the respondents rely on chemical disease control. Most cultural methods that were previously used to control diseases are no longer as effective (28) . As a result, there has been an increase in the use of fungicides, insecticides and pesticides, a development which, however, has resulted in many detrimental environmental consequences. Chemicals have also caused disruption and contamination of the natural ecosystems (25) . The increased indiscriminate and over reliance on chemical disease control methods has resulted in loss of important indigenous knowledge systems on utilization of natural bio-pesticides in disease management. There is an urgent need to integrate indigenous knowledge systems with scientific research findings. This move would emphasize the important role played by traditional culture, natural resource management and sustainable cropping practices to farmers. The majority of farmers have shifted from a sustainable, constructive farming approach to an exploitative and destructive approach which relies mainly on synthetic pesticides and soil additives (19) .
The alternative use of natural bio-pesticides in disease control as part of their pest management strategies, is increasingly being neglected by the majority of farmers in Domboshava. They are resorting to quick farming solutions in relation to the intensified agricultural activities as a response to increased population and food security issues (30) . This supports the results of this survey which indicated that none of the respondents used any form of biological disease control. Although studies have shown that 90% of people rely on traditional medicinal plants, the majority are utilizing them to treat common human ailments, with the limited indigenous knowledge of their botanical applications as crop protectants being further neglected (35) .
Agricultural pests are a severe constraint to productivity of global agriculture (8) . Crop yield losses due to pests are more severe in the tropics and sub tropics because of warner temperatures, longer growing sessions and in some cases, all year round production that creates favourable conditions for pests and combined with low capacity to manage pests. The increase in frequency and intensity of extreme weather events, changes in moisture conditions, temperature rises and elevated carbon dioxide concentrations are expected to magnify pest pressure (3) on agricultural systems through: -Range expansion of existing pests and invasion by new pests -Accelerated pest development leading more pest cycles per season -Disruption of temporal and geographical synchronization of pests, diseases and beneficial and predatory insects will increase risks of pests outbreaks -Emergence of minor pests to primary pests due to reduction in host tolerance and changes in land use practices and landscape characteristics Due to complex and highly variable responses of pests and their hosts to multiple and interactive shifts in environmental conditions, it is difficult to accurately quantify the potential impacts of climate change on pest damage. These conditions include elevated carbon dioxide, changes in temperature and relative humidity, cloudiness, and shifts in rainfall patterns, wind patterns, land cover and land use changes, and response to climate and non-climatic stresses. Extreme weather events (dry and wet conditions) are key factors in triggering endemic and emerging pest outbreaks (3) . Increased frequency of extreme weather which is expected to occur with climate change and variability is set to increase agricultural pest burden. Dry periods tend to increase insect and viral outbreaks, while wet period encourage fungal and bacterial diseases. Areas of concern for managing pests under climate change include pest range expansions, increased weed competitiveness, effects of root system pests on crop moisture stress and reduced effectiveness in integrated pest management (5).
Conclusion
It can be concluded that farmers are aware of the changing disease patterns occurring in response to a number of factors, among which might be weather or climate variability. It was also revealed that farmers have resorted solely to chemical disease control strategies with very few practising cultural, mechanical or natural disease management strategies to manage disease problems in Domboshava area, Zimbabwe. It has also been brought to light that none of the farmers in this area are utilizing biopesticides or botanical disease management strategies. The implications are that farmers might not be aware of the negative human health and environmental impacts associated with indiscriminate or over-use of chemicals. They may also be unaware of alternative bio-pesticide or botanical disease control strategies. This implies an urgent need to raise awareness among farmers on the concerns and issues surrounding indiscriminate chemical use, and also on the potential of bio-pesticide disease control alternatives. This can be done through a series of training workshops and setting up of demonstration plots working within the communities. Various models have been used to predict how global warming will affect insect ecosystems. Some of these models have been used to predict the response of individual insect pests to climate change. Future research should concentrate on models which explore the response to climate change of various insects and pathogens. This would increase the capacity to forecast insect population and outcomes. Much research is needed on how modification in development of insects, host resistance phenology and physiology of host insect will occur from global warming. Risk and hazard rating systems are essential components of crop heath strategy and should be in place and applied in advance of insect epidemics and outbreaks. These systems should be a priority for crop heath research and development efforts.
In addition climate mapping which predicts the potential distribution on insects in new areas under future climates should be part of the research to support the modeling exercises. National and regional early warning and surveillance systems should be part of national policy to deal with increased pests and diseases under climate change. Most of the work on pests and diseases under climate change have been done in temperate regions. There is need for urgent in the tropics of sub-Saharan Africa which are very vulnerable to climate change and have low adaptive capacity. These studies should be conducted on pests and diseases on a crop-forestrylivestock-human continuum.
